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Introduction Ultrasonographic appearance of the prostate
Ultrasonics is a branch of acoustics that deals with the There is no accepted standard for topographical relation-
study of sound waves with frequencies above those ships in prostate imaging. The prostate is best considered
within the range of hearing of the average person [1 ], as a fusion of different glandular regions contained
During World War II, the principles of ultrasonics were within a discontinuous capsule [7]. McNeal first proposed
used to develop SONAR (SOund Navigation And that there were different zones of the prostate gland; the
Ranging). It was mainly as a result of this application transition zone, the peripheral zone and the central zone
that special attention was paid to the further develop- [8]. In young men, the normal inner prostate generally
ment of this technology. Ultrasonography in urology has low echogenicity compared with the outer gland. As
was first applied to the kidneys and bladder in the 19 5Os the transition zone enlarges, a distinct demarcation
but there was then no general acceptance because the between these regions becomes clear. The transition zone
image quality was poor [2]. However, during the last 25 
years, a rapid development in ultrasonography has been
produces a hypoechoic image compared with the gener­
ally isoechoic peripheral zone. With increasing enlarge-
achieved by the introduction of gray-scale and real-time ment, the transition zone can compress the central and 
scanning. Moreover, intracavity scanning, e.g. TRUS, peripheral zones. The margin separating the hyperplasia 
has substantially increased the potential value of ultra- from the peripheral zone is considered to be the surgical
sound in urology. capsule. Hyperplasia can allow further visualization of
TRUS of the prostate is a rapidly advancing modality multiple adenomas, or even capsular bulging, but never 
with growing acceptance and importance for diagnosis capsular infiltration [9].
and management of prostatic diseases. Since its clinical BPE, other prostatic can also be
application in 1971 by Watanabe [3], TRUS has now visualized. The use of TRUS to detect prostatic cancer
developed into a sophisticated technology, Early in the was first described by King et al [4] among others. In
history of TRUS, bistable 3-MHz transverse images early prostatic ultrasonography, using low-frequency
provided information only about prostate size and shape probes, it was suggested that prostate cancer was densely
[4]. In the late 1970s and early 1980s, gray-scale eehogenic or hyperechoic [4,10]. Through the 1980s, 
longitudinal and transverse scanners were introduced higher frequency probes, combined with gray-scale imag-
[5]. It was not until then that the visualization of the ing, markedly improved the imaging of the prostate and 
internal architecture of the prostate became possible the intraprostatic anatomy could be defined reproducibly.
and two zones were identified; the transition zone and It is now generally accepted that prostatic cancer can
the external zone. In 198 5, studies were carried out have echographic variability and is influenced by tumour 
with 5 MHz probes scanning in both the transverse and grade, stage, size and location. Shinohara el al compared 
longitudinal planes. Recent advances in electronic real- the ultrasonographic appearance with histological find-
approxinic 60-75%  oftime ultrasonography have significantly improved ings and
dynamic imaging. In 1986, 7 MHz probes were intro- prostate cancers appear hypoechoic (Fig. 1 ), whereas
duced and the improvement in resolution allowed the 25-40%  are isoechoic and 1 - 2% are hyperechoic [1 1 ],
visualization of the infrastructure of the prostate, Other criteria that help in the differentiation of prostate
corresponding to McNeill's concept of zonal anatomy cancer include asymmetry in size, particularly in the
[6]. peripheral zone, capsular distortion and of the
normal demarcation between the central gland and the
Accepted for publication 23 January 1996 peripheral zone [9,12,13] (Fig. 2). The reason for these
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However, an accurate estimate of prostate volume only 
seems possible transrectally. The three most commonly 
used methods to estimate the size of the prostate are the
ofplanimetrie method, the use of 
the prostate and the ellipsoid method. The step-section 
planimetrie method comprises a sequential area sum­
mation of multiple sections of the prostate [21]. The 
method using three dimensions of the prostate comprises 
measurements of height (H), width (W) and length (,L) 
and the formula to calculate the volume, H x W x L x 7t/6 
[22|. The ellipsoid-volume calculation is a feature avail­
able on some ultrasonography scanners that allows the 
operator to delineate the prostate contour transvcrsally 
at the mid-gland and then define a hypothetical axis of 
rotation for that area with distance markers. The volume 
is then calculated as 8A/37cL, where A is the area of the
outlined ellipse and I determined by
t
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distance markers. It is generally accepted that the step- 
section planimetry method is the most accurate [23,24] 
but it is tedious, time-consuming and requires sophisti­
cated computer software to execute the planimetry.
Therefore, the best method to estimate prostate volume is 
a variation of the prolate spheroid formula, using the 
transverse diameter as the major axis and the anteropos­
terior diameter as the minor axis. This formula is optimal 
for prostates weighing < 8 0  g; in large glands (> 8 0  g) 
the spherical volume formula [71/6 (transverse diameter}3 
provides the best estimate of prostate weight [22]. The 
use of this formula in preference to those using the length 
of the prostate is supported by the difficulty of accurately 
measuring the latter. The measurement of cephalocaudal
distance is sometimes technically difficult, as the junction histological grade, several cores should be 
between the prostatic apex and distal urethra is frequently strategic TRUS-guided biopsies at known sites of anatom-
b
Fig. 3. Planim etrie volum etry. An im age of, a, a transverse section 
and, b, a schem atic presentation of the planim etrie m ethod.
poorly visualized. Likewise, the definition between the 
base of the prostate and the seminal vesicles and the
ical weakness 281. Initially, ultrasonographically guided
prostate biopsies used a transperineal approach for the
bladder is not clear [22,23]. Finally, T 29|.
initially using an axially orientated scanner, greater accu
■ity were ac
ellipsoid-volume techniques are rapid and available on 
most ultrasound machines, yet are not as accurate as the 
previous two methods [25].
To overcome the inaccuracy of measuring prostate
volume, an automated method has been investigated in needle, facilitated transrectal
using a
asonogram for guidance. The avaiU
of an automatic
our artment [26], based 011 planimetrie many advantages; it is relati
s route
to overcome the subjectivity of volume measurements 
using ultrasonography (Fig. 3). Moreover, this
id, ret accepted by the patients and it is
is a in
level in proportion to the prostate volume [27].
Prostate biopsy
accurate for small lesions [ 30|. Complications with biopsy 
:miriation of PSA can include haematuria, bleeding from the rectum, clot
retention, septicaemia or urinary tract infection. To reduce 
these potential complications, patients should be asked if
warfa-they have had any bleeding dyscrasia, use s 
rin, have a prosthetic heart valve or joints or if they have
axis s
The presence of prostate cancer can be established only clinical heart murmurs, 
by tissue sampling and a histological analysis. The main appropriate pr 
purpose of TRUS-guided biopsies is to obtain tissue for 
such a histological diagnosis. To identify areas of poten-
of which may indicate that 
be used 1311.
Which strategy is to perform prostate 
Several approaches have
tial extraprostatic spread and to achieve an accurate been proposed; either ‘random systematic' or directed
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ultrasound-guided biopsies. If the lesion is visible then 
obviously it should be biopsied. If no lesion can be detected 
and prostate cancer is suspected, then random biopsies 
should be considered. Hodge et al stated that random 
systematic ultrasonographically guided biopsies provide
by DRE and TRUS with the surgical findings and found 
that of 60 tumours extending beyond the prostate, 92% 
were correctly identified by TRUS compared with only 
20% by DRE. Finally, they concluded that the predictive 
value of TRUS was greater than that of DRE in identifying
valuable additional information about the volume of those tumours that would be localized, and was slightly 
cancer, if present [32], Others have supported the 
of this biopsy technique for detecting prostate cancer
s were o M  I «
On the other hand, Lorentzen et al. investigated whether
Additionally, the extent of tumour in each biopsy core TRUS could predict the local stage of prostate cancer.
They concluded that TRUS was probably superior tohas been used to indicate tumour volume [32]. 'I 
disadvantages include the possibility of detecting insig- DRE as an initial staging tool, but, TRUS of low specificity 
nificant small tumours and not knowing how frequently could upgrade the findings on DRE in cases where the
a by 341. prostate cancer was localized [43
Random systematic TRUS-guided transrectal biopsies can 
detect the 68% of cancers arising in the peripheral zone 
and the 8% arising in the central zone, but cannot help
24% that arise in the transition zone [321. 
Terris et al. advocated measuring the extent of cancer in 
patients with only one positive biopsy [35 |. The volume 
of cancer was proportional to the length of cancer in the
TR US-aided therapies
the 20th century, urologists have sought 
an alternative to radical prostatectomy that would pro­
vide the same control of the disease without the associ­
ated mor me interstitial
biopsy core and additional were taken from radiotherapy for prostate cancer has been investigated.
patients with a tumour of <  3 nun on one positive biopsy. Following the first reports by Young and Fronz in 1917, 
In view of this elegant technique, cytological aspiration several modifications to the application of interstitial 
biopsies are of only limited use and not to be radiotherapy have been described [44-46]. There was
recommended. increased interest in the implantation of radioactive 
isotopes in the prostate in 1982, when a technique for 
placing iodine ‘seeds’ under ultrasound guidance was
[47]. It was not until
Accurate staging is an important guide to prognosis and ultrasound-aided therapy for the treatment of the pros- 
forms the basis upon which the initial management of tate was introduced; transurethral
Prostate cancer
patients with prostatic cancer is decided
the extent of the 371.
sometimes overestimates [38] and correlates poorly with 
the volume of cancer [39|. TRUS is the imaging tech­
nique most used for the diagnosis and staging of prostatic 
cancer and it offers some valuable complements to the 
results of DRE and PSA measurements [42]. McNeal, 
with his description of the zonal anatomy of the prostate, 
has identified the likely sites of cancer within the gland 
md provided further understanding of the way in which 
prostate tumour spreads [7|. Lee et al. have descr 
two potential weaknesses facilitating possible extra pros­
tatic spread [28J. The invaginated extraprostatic space 
follows the ejaculatory duct and extends to the verumon-
r
C
. A DRE laser-induced prostatectomy (TULIP) [48|. Laser treat­
ment has become increasingly attractive for the treat­
ment of bladder outlet obstruction due to BPH; currently
20 different treatment devices are available for 
the application of laser energy to the prostate. TULIP 
was one of the first laser systems designed to treat BPH;
"e is car JU-
ethral ultrasonographic guidance. The advantage of such 
a treatment is a decreased morbidity, while aiming for
'acy as a 491. Because of the lack of
'Cdirect visual control associated with the TULIP 
and its expense and relative complexity, less expensive 
and easier laser technologies are being performed [50|. 
More recently, two applications of ultrasound in the
tanum. The beak of the seminal vesicle is the site of treatment of prostate cancer have been reported; cryosurg-
entry of the seminal vesicles and vas deferens into the ery of the prostate and high-intensity focused ultrasound
central zone. In both cases, no capsules surround these (HIFU). In the early 1960s, cryosurgery of the prostate
areas [8]. On TRUS, the possibility of capsular penetra- was first performed for bladder outlet obstruction [51].
tion should also be 
ening, irregularity or as
on
any
is present. Although
itor, itthe findings of TRUS are 
has the capacity to characterize the tumour by volume, 
location and extent, and therefore provides valuable 
clinical staging [41 j. Scardino et. al. compared staging
However, the use of prostate cryotherapy was limited by
iim from inaccurate
of and i ate of
ablation, but ways of reducing the complications emerged 
with the advent of TRUS. Modern ultrasonography allows 
the precise placement of the percutaneous cryoprobc and
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Fir. 6. Vismiliziition of prosiate n incer in a right prosliilc lobe*, a. The plain ultrasonogram, b, Delineation by the examiner of the prostate 
boundary (while) anil a prostate tumour (red), c. The corresponding histological section with demarcation of a tumour (red), d. The result 
of image analysis where suspicious areas are presented (on
mg. 
we
a
are very proniis- 
ilar concept was applied to TRUS;
an< can help in the 
diagnosis of prostate carcinoma. In patients with non-
tumours, vis­
us is superior
Discussion
diseases have become a major topic in uro-
and treatment. The incidence of BPH is
increasing concomitan ily 
and,
the cu,i>
of many alternative therapies,
the demand for 1 real nient is almost limitless. Moreover, 
the prosiate has become the main site of cancer in men,
prostale cancer now' the second leading cause of 
death from cancer in men in the United Stales |6 i|. To 
diagnose accurately the different prostalic diseases, 
icians have searched foi 
The use of TRUS has increased rapidly since
; over few years, has
interest and enthusiasm 
the value and the limitations of TRUS. Whereas the role
of TRUS in
cancer remains controversial, 
assessment of prostalic size and volume,
s, e.g.
of
prostate cancer, monitoring the response to therapy and
<o l c)9(i Hri l ish ¡o imui l  o f  l l ro lo i j t j  7 8 ,  2 c)
8 K. EZZ EL DIN and J.J.M .C.H. DE LA ROSETTE
the guidance of prostate biopsy, have received a wider 
acceptance. Also, the of an
non-invasive treatment for the many patients with 
localized cancer of the prostate using III Fl I or cryosurg­
ery constitutes a considerable step forward. The existence 
of a reliable gauge for the development of the cancer 
and the possibility of repeated controlled biopsies facili­
tate the m onitoring of the efficacy of the treatment. 14 Scheckowitz EM, Resnick MI. Uses and abuses of ultrasound
of prostate cancer on transreetul ultrasonography: corre­
lation of imaging and pathological examinations, ƒ Urol 
1989; 142: 7 6 -8 2
12 Sweeney PJ, Resnick MI. The role of ultrasound in prostate 
cancer. In Rous, edn '1992, Urology Annual New York: 
W.W. Norton, ,1992: 6
13 Scardino PT. Transrectal ultrasound in management of
prostate cancer. 1989; 3 3 (Suppl): 2 7 -3 1
Because of the major impact of prostate cancer on 
national healthcare and the lack of accurate diagnostic
, we that a significant improvement of 
the techniques for the detection of prostate cancer, such 
as computer analysis, will be of major clinical impor­
tance. ;rway to exact
role of such an image analysis system. Finally, besides 
the current applications of ultrasound in the diagnosis 
and treatment of prostate diseases, further developments, 
e.g. temperature measurements using ultrasound tech­
niques [64], will broaden the scope of the applications
of ultrasound.
We conclude that, although there are limitations and 
restrictions for each of the various applications, thus far 
TRUS is unmatched as an imaging modality because it 
is versatile, easy to apply and cost-effective.
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